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ABSTRACT 


The decision@making process involved in formmulartiieeey- 
S-3's fire order of a direct support artillery soarvv vote: 
Src1camiscing psychometric scaling procedures. 

Two missions were considered, an area mission and a 
precision mission. For each mission a list of factors 
usually considered when formulating the order was drawn up 
mae questionnaire form, Each list was rated a@s to the relae 
mive importamee of factors for being included in the decivsion 
making process and for the relative amount of time each 
demanded in the decision making process. The questionnaires 
were submitted to 131 subjects that were or had been S-3's 
mac fire direction officers. Forty-five completed quesvion— 
Meares were revurned, 

All lists were scaled using the method of successive-— 
categories. As a check, one list was scaled using the method 
of partial-rank order. The resulting scales provide a means 
for comparing the importance and time demands of many 
eritical factors according to mission type and according to 
the amount of formal training received by questionnaire 


respondents, 
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LI. INTRODUCTION 


This study attempted to scale the factors? That a direct 
Euppoore battalion artillery fire direction of @ecer migky | 
consider when formulating the S-3's fire order. 

The question that immediately arose was what is the 
Merlicy in doing this type of study? An example of some 
applications in artillery where different procedures have 
been used to obtain this’ type of information will be a 
start in answering this question. One example was an 
mec ilery Simulation study done by The Ballistics Reaearen 
Laboratory [1]. An extended study was conducted using a 
procedure based upon expert opinion to rank the worth of 
specific targets. The procedure used gave rankings on a 
scale of ordinal value [2]. Another study that investigated 
the S-3's fire order was done by Litton Industries. A 
meeceaure using the opinion of a large number of fire 
direction officers was used to study the factors involved 
ig fetinie the decision of how to attack certain targets. 
Maes Study was in conjunction with automating Che fire 
Girection center for the TAC FIRE systems. It was thought 
that scaling the factors that are involved in arriving at 
Memo ->5'S Eine order Would help give the amexpermenecd mimic 


arection Officer ansigchny invo the thovent precesses ser 


lWRactor" as used here is not a "factor" in the sense or 
Betachor cUGained EMrelen faclLor analysis, 








experienced fire direction oti cers ims sc aan ane omic 
amplified by the findings in an Unpubitehed report.) 
concerning counter-battery fire in Vietnam. The report was 
eritical of fire direction officers for twomca-ens eee Ee 
mnen firing counter=battery fire, anmlinsuii teeny sanetareen 
ammunition was used to obtain a reasonable probability of 
neutralizing the enemy. Second, the fire direction officers 
chose an inappropriate fuze to accomplish the neutralization. 
lena Situation that dictates air burstsgman 75.62 0f the 
cases that were studied a point-detonating fuze was fired. 
It was hypothesized that inexperience was partially account- 
maptemnuor these deficiencies. 

The utility of scaling these factors on a scale of at 
least interval value was deemed important for several 
reasons. The scales would aid the inexperienced fire 
direction officer, the interval value might be useful for 
quantitive research applications, and the entire study could 
show that it is feasible to use these factors as stimuli in 


peoplying psychometric scaling procedures. 
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IT. QUESTIONNAIRE DEVELOPMENT AND ADMINISTRATION 


The fire direction officer is primarily concerned with 
two distinct types of missions (precision and area mince 
formulating the fire order. The fire direction officer 
considers the factors differently for each type of mission. 
Consequently scales were obtained for each type of mission. 

Initially a determination had to be made as to what 
factors the fire direction officer considers. Some of the 
considerations involved in this determination were what 
@does doctrine specify that the fire direction officer should 
consider? Are there other factors that the experienced fire 
eaereCctilon Officer considers that are not included in 
@ectrine? Even though doctrine specifies that certain 
factors be considered how do experienced fire direction 
officers look upon these factors? These questions served 
as guides for the selection of the appropriate factors To 
be included in the study. The factors that were specified 
for each type of mission were derived from two sources. The 
doctrine was obtained from FM-6-40, Field Artillery Cannon 
Gunnery [4], FM-6-20-2, Field Artillery Techniques [5], 
and Instructional Note-Operation of the Fire Direction 
Center [6]. Additional factors were included based rae 
the writer's experience and a preliminary survey of exper- 
jienced artillery officers. The factors that were selected 


are listed in Table I along with a code for each factor and 


did 








TABLE I 


LIST OF FACTORS SCALED, A CODE, AND 
THE APPLICABLE MISSION 


Mission 
eee Used In: 
Code Area Prec. 
Ammunition (amount on hand) AMOH x X 
Ammunition (charge) AMCH X X 
Ammunition (lot) AMLT X X 
Ammunition (supply available) AMSP x X 
Wemtormity to scheme of maneuver CONF K x 
or SUDPOrved Units 
aver at target or registration point coy X X 
Current instructions from commander and CINS Xx Xx 
higher headquarters 
Density of target DENS X 
maze action FUZE X Xx 
Lateral spread LASP X 
MebiJlity of target MOBI X 
Number of rounds NORD X 
Offensive capability of target OFFC X X 
Permanence of target of registration PERM Xx 
jOxGa Liane i 
feottion of units available to fire POSN X Xx 
Proficiency of units available to fire PROF X x 
meeycelLi1 le Fype le lat Ord X x 
meeximity Of friendly troops to the [ane X X 
target 
Proximity of no fire areas PXNF X Xx 
Range spread Go 2 Xx 
Size of target SU Gia X 
pase Of target or registration point SIZE X 
euevey control SURV X X 
Technique of attack (low angle, high JUEels X X 
angle) 
Terrain ee X Xx 
Time of opening fire VE X X 
Type of target ty Pe X 
Type of target or registration point SUNG ea X 
wemdity of current corrections VALD X X 
Weather WEAT -X X 


M2 








an indication of the type of mission Tor white aie st aewer 
was scaled. 

The factors selected certainly are not aiiracilusiaves 
if, bowever, these factors were the Jonll Sones eesomecou. 
sidered, it is believed a mission would be accomplished 
mavastactorily. 

Once the factors were decided upon the next question 
was in what context should they be scaled? Importance was 
the overriding consideration and was selected. Time is 
also an important constraint when the order is being form- 
Weeeeoa. Lherefore 10 was deemed usefull te examine boy uae 
experienced fire direction officer allocates his time among 
maeoe factors when considering them, although the fire 
direction officer does not consciously make a time alloca- 
pon when formulating the order. 

The next problem was to determine what procedure should 
be used to obtain judgments and how the necessary data 
Should be gathered. 

The judgments could have been obtained by developing an 
ad hoc procedure. However there are several known and 
proven procedures (Eckenrode [7]). Three well known and 
accepted methods [2] are: rank order, pair comparisons, and 
successive-categories. All of these methods will yield 
ordering of the factors on at least an interval scale. 
These methods have been applied to ordering such stimuli 


as the names of actors or choices of food. It was assumed 
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that the factors considered in this thesis (could beucen— 
sidered as stimuli of this type. 

One limitation in the selection of a procedure was that 
in the case of area missions there were 27 factors to be 
ordered. In the case of pair comparisons, where n = the 
number of factors to order, n(n-1)/2 pairs of factors have 
to be compared. The large number of pairs to be compared 
mec nOot Make this method practical. Full ranking, in tie 
ieomk order case, is best if limited to 15 Or Jess facvors 
[2]. This directed the choice to the method of successive- 
eaecesories. One consideration in using this method is 
meat the number of subjects be near 100 or greater. It 
Peemed that it was feasible to obtain this number of 
subjects. 

Another method that appeared to be appropriate was the 
fMemeetal-rank order procedure. in this case, rather vnan 
manking all n factors, only k of them are ranked. Mdhis 
mmero more than 1l5 factors to be considered ib doce 
an appropriate procedure if the number of subjects is less 
meet 100 [2]. However to obtain scales of interval value 
each factor must be selected. For comparative purposes it 
was decided to use both the successive-categories and 
marcial-rank order mevChods. 

With the method determined, the next consideration was 
imme layout of the wtorm for "the data collecuren. Horevuve 
method of successive-categories a rating scale is required 


for each factor. Some of the options for this scale were 


14 








to use a continuous scale with labeled end points, a dis- 
crete scale with labeled end points or a discrete scale 
with verbal labels for each step. Wells and Smith [8] 
compare scales using a verbal format, where each category 
is given a label, and scales where only the end points are 
labeled. The scale with each category labeled tends to 
give a distribution where end points are chosen less 
frequently. Because of the difficulty in obtaining appro- 
priate labels, labeling of each category was Giscarded. 
Because of data processing difficulties a continuous scale 
was Giscarded. Therefore discrete steps,with labeled end 
points, were used. The median is used in the computational 
procedure. To use this statistic, the distribution so use 
cover at least nine steps. To facilitate mathematical 
computations ten steps were used. The end pOoinvsuvicre 
labeled extremely and slightly since the factors that were 
chosen would not reflect unimportance as a lower limit. 

In order to minimize bias reflected by the location of 
the factors on the form the items were initially listed 
randomly. After the initial random ordering some of the 
factors that contained multiple items were broken down 1G 
sndividual factors since they involved independent con- 
siderations. These factors were then listed consecutively. 
As an example ammunition was initially listed as: | 

Ammunition (amount on hand, supply available, lot, charge) 


Tt was changed to: 


ILS 











Ammunition (amount on hand) 

Ammunition (supply available) 

Ammunition (lot) 

Ammunition (charge) 

A questionnaire that consisted of five lists @felacten 
wes Evolved from the above considerations, eachuons Maen 
factors was introduced by a paragraph stipulating the 
mission that should be considered when making the evaluation 
and instructions explaining how the respondent should mark 
mie scale to indicate his judgment. The first four lists 
meme based Upon the method of successive-CcaLlresories Ine 
fifth list was based upon the method of partial-rank order. 
Mi@ewiirst list was for an area Mission Situation te sc 
judged with respect to importance. The second list was also 
for an area mission but it was to be judged with respect to 
meme. The third and fifth lists were for a precision mission 
Situation and were to be judged with respect to importance. 
Mm iourth list was also for a precision mission sivuwation 
peat > Was to be judged with respect to time. The Wistsearc 
mmeiuded in Appendix B., 

The final consideration was how to one the data. 
ligere are a large number of officers that coulda be conswaerea 
experienced fire direction officers. They are spread over 
Mae world with the only ere eree eCOncentravion. 61 witrew 
Being at the Artillery School at Fort Sill, Oklenoma. Since 
the local supply of subjects was insufficient, a means of 


gathering data from a large area was necessary. This was 


accomplished by placing the form in a self-explanatory 
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package so that it could be distributed by mail. The 
package consisted of a cover page outlining the reason for 
wanting the questionnaire completed, the qualifications that 
mae respondent should pessescea cd. Cemera) sic wicl Cyaan 

The next page was a form, to be completed, to gather the 
respondent's background data. The questionnaire was the 
hast item in the package. The complete package is included 
as Appendix B. 

It was Neped: that. this individualistic method would 
allow the interested respondent to find a time that was 
eenvenient for him to make his Judgments. This being che 
case the respondent would then have ample time to consider 
een factor andM@situavion., Also he would have euificiens: 
desire to do a good job since it was a completely voluntary 
eGocess . 

He accomplishes vhe @Gdistritucion, forms ain esvaliic dae memes 
addressed envelopes were sent to central distribution points 
mmmevarlOUuS 1OCauloOns ine ene CcOnlimenud ss Unieeeds oy aye or 
Although this method did not allow for randomizing the sub- 
jects as specified by Bock and Jones [9], it was the only 


expeditious means available for limited time and resources. 


aL 








Di, ssCl ING PROCEDURE 


Phe method of successive=categories (2) ise basodmacc 
the assumption that the distribution of responses to the 
haectors is normal. For this method there are two major 
eealing principles = that of scaling limits and that of 
scaling categories. In the interest of computational sim- 
peerelity the principle of scaling limits was used, even 
Though the two end categories cannot be evaluated. 

The first step in the procedure was to compile the 


frequency data f, 1 auilewies 2. 


J 
fs, = number of responses in the cell for the iwe 
J factor and the jt) category 
n =Snumoer Ol nacuors 
N = number of categories 
5 = number of subjects 
N 
S = 2 fs. except in the case where a subject 
j=l J does not record a response for a factor 
iii vnat case; ss > Dies This does not preclude the use of 


mars method, 


From the frequency matrix the cumulative-proportion 


matrix was computed. To accomplish this CUM = qe where 


Je 
wee = the cumulated f.,. 
ij it 


As a check on the procedure 1.0 must appear in the 


eolumn for the mee category. 
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The cumulative proportion represents the area under 
the unit normal distribution curve below the upper limits 
of the respective category eee The linear distances 
of those limits from the means of the factor are determined 
by looking up the corresponding deviates in the tables 
of the normal curve. The deviates pertain to the distri- 
bmeion of a single factor. Each deviate 18 regarded as 
the distance of an upper category limit from the mean for 
that factor. The means for different factors naturally 
vary. Because of differences in means and in standard 
deviations, the deviates in any one column are far from 
equal. There are as many scales as there are factors, each 
feel itS own unit and origin. 

Next a singlersct ofm values, for the upper Timivs ea 
determined. Each limit can be evaluated except the upper 
and lower ones because the corresponding proportions are 
one and zero, respectively, whose deviates are ih hia ewer 
Tf the assumption is made that the dispersions of the 
maetors are equal except for sampling errors it is jusei— 
praple to average results from the different Gistribucrens.. 
If the matrix of deviates is complete, no cell values inde- 
terminite, the columns are summed and means are i @ arate. 
These means serve aS common scale values for upper category 
iets . 

If there are vacancies in the matrix of deviates the 


means can be determined by subtracting the deviates by 


2 








pairs down neighboring pairs of columns. Then divide by 
the number of pairs that made up the sum. 

The means of the columns give the average estimates of 
category widths. These values are cumulated to provide 
scale values of the limits of the categories on an interval 
ea c. 

The scale values for the factors are determined by 
interpolating the medians of each factor on the common scale 
values, Medians are used because the end scales are unde- 
menmined and some factors have truncated distribution. 
Truncation does not preclude the computation of a median 
unless more than 50 percent of the frequencies fall in an 
ema category. 

In the procedure of partial-rank order |[2]y the iirscen 
ranks out of a possible n ranks are ordered by the respon- 
eent. An assumption necessary for the application of 
tis method is that the respondent's discriminal dispersions 
are all equal, If this assumption does not apply the 
factors with greater dispersions are likely to pile up 
eholces in undue proportion relative to their true scale 
mwooitbion. 

There are two main approaches to the scaling of stimuli 
beginning with rank-order data. These are the pair- 
comparison solution and the composite standard solution. 

In the interest of computational ease the composite standard 


solution was used in this study. 
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The [eest Steno Inthe {commeurac men WAS CO TeEOns tricia 
rank-frequency matrix. An example of this matrix is 
included in Table XV, Appendix A. 


The factor to be scaled is F, and receives a number of 


aL 
choices C.- Hach factOn a) eit aes se with numbers of 
emoi1ces Cat AC} Cha Ss pGint alyoropOrtl One lem cea isaors 


Maetors is estimated using the equation: 
m1 
P = ———_—. (1) 


C. beclains FO. une compari sone veuween Be and all others and 
oe pertains to the comparison between Ba and all forherse 
Sites are 4a total number of choices T to be shared by ithe 
factors so that ZC_ = T. There are n equations like (1) Beer 
fverying from aton. In order to find the proportion of 


the time that F, is chosen in preference to all factors 


a 
eombined, sum the numerators of those n equations to find 
piewtOotal number of choices for a and sum the denominators 


to find a comparable estimate of the number of comparisons. 


Qu 
at 


aS composite standard _ r(c, +C_) 


The denominator can be written as nc, te LCs LC =" 


igh Owe 
aL 


mimere fore : Pes nee = nc, + T 


Dividing numerator and denominator by n, 


P = A Ee 





zl 








The remaining task is to evaluate C. f Ome achiM acu Ole 
Hach time a factor BF, is assigned to a rank value Ry» ae aes 
mucagced definitely ¢<reater than Rol other factors and may 
Be Said to have received this Many choices, ecror FR, 
fo included, as it is in the composite standarceya als vou 


choice must be added. The number of choices then becomes 


a for eaeh placement. of F. At each rank value the 
member of choices is P54, 0R,- 0.5). Summing over all m 
categories: 
n n n 
Oe Pere ae Coe pe f55R, -0.5 fe 4j 


fitom which 


fan. = 102 5N 
cai) m 


‘@) 
11 
wus 


j =m 
Mere Ne is the sum of all frequencies in the m categories 
mere Lactor Bo. 

Once C. has been determined the value for equation (1) 
is easily computed. The normal deviate from the standard 
normal table is then determined from equation (2) for Bag 
which is its scaled value. To determine the ranking R 
iimumerable constants can be applied to the deviates to 
locate the O for the scale at any desired location. In 


making the computation it is easier to keep track of the 


meeos DY Setting Up a Matrix as displayed in Figure. 
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Figure 1, Matrix to Aid in Computations 
for Partial-Ranking Method, 


Zo) 








iV een eoUis 


The questionnaires used in the computations were those 
wnat were returned within thirty days of their disvreipuiaens 


mne data regarding the returns are tabulated in Taplewae 


PA te eee 


NUMBER OF QUESTIONNATRES RETURNED 


Returned Returned Returned Percentage 


Sent completed Uncompleted Late Returned 
Local 2k ibs: a 1. 71% 
Mert o1l]] 80 19 5 - 30% 
Camp Pendleton 15 i - - 6% 
Camp Lejeune 15 6 = 1 N6% 
TOTAL 131 45 % “2 hos 


The background information, for the respondents whose 
mest lLonnaires were used in the computations, is 1isvtedein 
Maole IIL. 

There were several ways to present the results. The 
method chosen was to display the scales that were computed 
and to calculate correlation coefficients among the scales. 
There were many combinations of subsets of the data that 
could have been computed and displayed for comparison. Some 
of the subsets that could have been computed were Army, 
Marines, school trained, basic school only. andmiore 


experienced. The subset of "more experienced" would be an 


ay 





EAB DE 


BACKGROUND DATA OF RESPONDENTS 


pik VICE: Ma ratiiciaes ecmeniy ae 
MONK: LO. 9, Capt. 21s Majin Vere Uae Gal 2c oem 


mons IN SERVICE. Gune bisive j= 


Years Number 
O- 8 5 
4 = 6 i 
T- 9 ed 
10 -12 5 
13-15 if 
16 -18 O 
19 - 30 2 


COMBAT EXPERIENCE: Yes 44, No 1 


LOCATION OF COMBAT: Vietnam 41, Vietnam and Korea 2, Korea 
Suet th) BN EAR 


eee ONS Combat Other 
1. S-3 di 
Ze eG) 

3. AFDO 

ENG eM en Cas ieliaae 

FO 

Other 

Mol tiple anone, 2.2 33 
Meieahe IRs abieveliclgatee Tee as: 
hud tape excluding is 2.35 


Ld 


NO 
1 NO RS OUI OW 


SY) 
ON Gi oh i 


FORMAL SCHOOLING: 


Artillery Basic Course Te 
Artillery Career Course 2 
Both ae 
Other 3 


ZS. 





important consideration an ena ly Zine one res U0 ly ce See 
Reena more complete background data, more experienced 
were considered to be respondents who had greater than six 
years Service sana mul ts piles poss rem s ome nie = open Ome taG 
AFDO. Only nine respondents fell into this subset. Con- 
Sequcwulyeat Was NOU aMpToOpmiaue [Or anak sem 

MeoubDSey Of Sechool—trained respondenvus Wacmeieumde eat 
mined. A school-trained respondent was one that had com- 
ellecveGebecth the basic and career artillery officers course, 
imenty=Cwo respondents fulfilled this requirement and will 
hereafter be referred to as "trained subjects." Another 
meipset of respondenes that had only attended the basic 
course was also determined. Eighteen respondents fulfilled 
this requirement. Because of the small number of respondents 
mieeach category, however, the scales obtained by the mevhed 
ome SuUCCeSSiVe-categories are probably mot as reliable as 
would be desired, The number of respondents was adequate 
for the partial-ranking method. The responses of all res-~ 
Pemoechtus, tCrained subjects, and basic school only Subjects 
are summarized for each questionnaire situation in Appendix 
Aes 

The scales in Figures 2-7 are obtained by the method 
of successive-~-categories. The scales in Figure 8 are 
eptained by the method of partial—-rank order. 

Figures 2-4 display the scaled values with respect to 
importance of the factors and time demand of the factors 


for an area mission, The scaled values are based on the 
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responses of all of the subjects in Figure 2, trained sub- 
jects in Figure 3, ana basve school oni Ssuieiec tema 
Figure 4, 

Figures 5-7 display the scaled values with respect to 
importance of the factors and time demand of the factors for 
a precision mission. The scaled values are based on the 
responses of all the subjects in Figure 5, trained subjects 
im Figure 6; and basic school only subjects in Figure 7. 

Figure 8 displays the scaled values with respect to 
miportance of the factors for a preciSion mission. The 
scaled values are based on the responses of all the subjects, 
Peained subjects, and basic school only subjects. 

Mew Giuspikay the results ,ea0) a (ane scales from the rank- 
order method were transformed to a common basis. This was 
accomplished by selecting the minimum computed value from 
these scales. This value was then transformed to zero to 
be used as the common zero point. The constant for this 
transformation was then applied to all of the other scale 
values. The scales computed by the method of successive- 
categories had the most important and most demanding factors 
at the lower end of the scales. Hence increasing importance 
and demand were indicated by decreasing values. In order to 
have all of the displayed scales consistent a graphical 
transformation was made to these scales. The important and 
demanding factors then appeared at the higher end of the 
scales and increasing importance and demand were indicated 


by increasing values. 
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Missions with Respect to Importance and Time. 


Ithis category had over 50% of the responses in an end 
point therefore its rank is valid but the interval scale is 
indeterminate. 
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point therefore the rank is valid but the scale interval is 
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Figure 5. Scales of Factors for all Subjects for Precision 
Missions with Respect to Importance and Time. 
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Itnis category had over 50% of the responses in one end 
point therefore its rank is valid but the interval ILS 
indeterminate. 
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Figure 6. Scales of Factors for Trained Subjects for 
Precision Missions with Respect to Importance and Time. 


Innis category had over 50% of the responses in one end 
point therefore its rank is valid but Ene ib eived is 
Pideterini Ware. 
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Facire ~. .ocales Of Pactors for Basic School Subjects 
for Precision Mission with Respect to Importance 
and Time, 


Itnis category had over 50% of the responses in one end 
point therefore its rank is valid but the interval is 
indeterminate. 
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Figure 8. Scales of Factors Computed using 
the Partial Rank Order Method. 
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This Tactor was selected an insuificient Muller Om cites 
to evaluate therefore its rank is valid but the interval is 
indeterminate. 
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The correlation coefficients, where each situation is 
eorrelated with the remains estat looms eetee mr adhotellic cen asg 
Table IV. The correlation coetficients were veatcullared 
using the Spearman rank correlation coefficient [10]. The 
correlations were made based only on the common factors when 
area and precision scalings were correlated. 

The correlation coefficients, determined by correlating 
the scaling obtained by the method of successive-categories 
and the scaling obtained: by the partial-rank order method, 
are displayed in Table V. The Spearman rank correlation 


coefficient was again used. 


TABLE V 


CORRELATION COEFFICIENTS FOR THE TWO METHODS 


ewe et 


Partial Rank Order 
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Agel Trained Basic 
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V w= DISCUSSmO er RESUIS 


By ho Oki ne pate thie si requeme, Aes im Append needle 
was. OobVi0US thateseveral Cf eheudts trom) oliomeno eb ic mel cer 
tors were not normal. Truncation was also evident, but it 
was not a problem in the method of successive-categories 
unless more than 50 per cent of the frequencies fell in an 
end category [1]. There were some distributions that fell 
in this category. For those factors a rank could be estab- 
Miehed but the interval value could not be determined. 

Another deviation from normality was the presence of a 
few bimodal distributions. There were several factors that 
Peltad lead to this type of distribution. One was the small 
number of subjects. Another was the background of the 
pip jects. Still another was the general outline Thateweas 
used to describe each situation. The individual subject 
had to interpret the situation his own way and did not 
have recourse to ask any guestions for clarification. In 
migit ion, most of the subjects had experience in Vietnam 
where many of the factors that are considered 1MpOrval tao. 
doctrine were disregarded in actual practice with satis- 
factory results being obtained. Consequently there was a 
conflict in responding between doctrine as taught in school 
mad practice in the field in a specific Sl uuacvon. 

Tt is not known to what degree these deviations from 
normality may have affected the results, in the absence of 


discussion as to how robust these procedures are. Other 


oy! 





procedures based on normal distributions are generally 
robust. Also the procedures fave results thatewere 
reasonable. : 

Another consideration was for programming the procedure 
hor a computerwapp lication. Sub =roucines i ci mmacse some. 
cedures,were not found although they may be available. 
Although a large amount of the work,was accomplished by a 
Sonoeuver weeamayority,of the computations, was done manuatlive 
Manual computations were required because some of the 
eubjects inadwertently or on purpose left responses for some 
of the factors blank. Another reason, for the manual compu- 
aylons, was the decision to utilize the normal deviates 
Gerresponding to proportion below 0.05 or above 0.95. 
fmogalily the blanks that occurred in the computational matrix 
meeause Ol me responses im some’ particular location caused 
a problem. This was amplified because of the small number 
eeecubjects. These problems could have been overcome by "an 
extensive programming effort. 

Pith respe@e to the precision mission a few of the sup- 
meeus indicated that both registration and destruction 
missions should not have been grouped together in the same. 
enuavlon Since some of the considerations for these vuwo 
mapes Of missions differ. This was an appropriate obser= 
vation because even though a registration and a destruction 
Mission are both classified as precision missions, the 


Sbjective that is to be achieved is diifercnr we! reeicuom 
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missions shovld be divided Snvo lwo, silTuavionseoere si Sera ae) 
and Gest ructiorn ms eiems.. 

For the display of the scaled data there are methods by 
which a meaningful zero could have been obtained. However — 
the desired results were the display of rank order and the 
relative scale values. The computation of a meaningful 
Zero would not have added any information to these displays. 

The Spearman rank correlation coefficient was used to 
test the null hypothesis .that the scales obtained are 
Umrelated, At the level of significance of a = ,01 the 
Gritical values, for rejecting the hypothesis, are 0.508 
when an area and a precision mission are being correlated, 
0,496 when two precision missions are correlated, and 0.457 
when two area missions are correlated. Interesting general 
trends can be deducted from these figures. 

An immediate result from the data in Table IV was the 
Mmuistification for separating the factors into two types of 
ierosiOn Since in no case was there significant correlation 
between the scaling of an area mission and a precision 
Maession. 

It was also interesting to note that there was correla- 
tion between the scalings for importance and demand for 
time. The only place that this was not the case was in the 
correlation relating precision mission time Gerri) BO 
precision mission importance (all) and precision mission 
importance (trained). It is entirely possible that this 
was an effect of not dividing precision missions into regis- 


Bicol umoOnmmand Gdeseructaon m1scions. 
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The correlation between the trained subjects and the 
basic school subjects was fiemieent oxeoe in the precision 
time situation. The factors that showed a great variation 
in scaling in this situation, were ammunition (lot) and 
ammunition (charge). This may have been due to the fact 
that a trained subject realizes there are fine points to be 
considered with respect to these factors and thus spends 
more time on them. 

The correlations, that were determined by comparing the 
scalings obtained by the methods of successive-categories 
amie pDartial—-rank order, were significant. IIT cannot be 
meaced which Of these two methods Ws More aceurate.. im tne 
interest of computational ease and a simplified procedure 
mor the subject to indicate his judgment, the method of 
partial-rank order is recommended. 

It is possible to investigate trends or anomalies for 
specific factors by using the scales displayed in Figures 
2-8. One fact that can be determined in this manner is that 
meatned subjects attach more importance to and spend more 
time considering current instructions from commander and 
higher headquarters then do the basic-school subjects. 
Another fact that becomes evident is the justification for 
breaking ammunition considerations into several categories, 
Since the ranks for these factors cover a large range. 

The overall results indicated that many general trends 
could be detected and specific comparisons could be made by 
using psychometric scaling procedures in studying artillery 


procedures. 
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APPENDIX A 


TABULATION OF RESPONSE RESULTS 


TABLE VI 


FREQUENCY MATRIX FOR ALL SUBJECTS 
FOR AREA MISSION IMPORTANCE 
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TABLES War 


FREQUENCY MATRIX FOR TRAINED SUBJECTS 
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TABLE VIII 


FREQUENCY MATRIX FOR BASIC-SCHOOL SUBJECTS 
FOR AREA MISSION IMPORTANCE 
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FREQUENCY MATRIX FOR TRAINED SUBJECTS 
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APPEND 


NAVAL POSTGRADUATE SCHOOL 
MONTEREY. CALIFORNIA - 93940 IN REPLY REFER TO: 


A STUDY OF THE DECISION MAKING PROCESS INVOLVED 
IN FORMULATING THE S-3'S FIRE ORDER 


For my thesis at the Naval Postgraduate School, I am making a study of the 
decision making process involved in formulating the S-3's fire order by using 
psychometric scaling procedures. 


To accomplish this study two missions are considered, an area mission 
and a precision mission. For each mission a list of factors (not necessarily 
all inclusive) to be considered when formulating the order has been specified. 
First, for each mission, you are asked to rate the relative importance of each 
factor listed. Second, for each mission, you are asked to rate the relative 
amount of time that each factor demands in formulating your order. 


Finally as a check on the consistency of the analytic procedure, the 10 
most important factors are to be selected and ranked as to their importance 
using the list of factors for a precision mission. 


In order to make the study valid, individual opinions of a large number 
of qualified officers are needed. A qualified officer is one that has had 
PeeeeGrence as an S~-3, fire direction officer or assistant fire direction officer. 


The important thing is that you indicate your thought on how you consider 
these factors when formulating your fire orders. Consequently, please do 
individual work and do not talk to others about the form until everyone has 
completed it. 


If you should be given a form but you feel unqualified to complete it, 
simply note this on the form and return the blank form. 


The thought and time that you spend in completing this form is deeply 
appreciated. 





BACKGROUND DaTA: 
service 


Rank 





Time In Service 
COMBAT EAPs#RInNCs: Yes =e Nie) 


If yes, Where: Vietnam__, Korea__s, Other 
(specify) 


Position: 95-3 » FDO , Assist FDO 


Btry Cmdr__, FO__, Other 7 
(specify) 


OTHER eXPoRItNCs: 
5-3, FLO, Assist FDO__, Btry Cmir__, FO__, Other 
(specify) 


FORMAL SCHOOLING: 


Artillery Basic Course 





Artillery Career Course 


Other 
(specify) 
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This is a list of some of the factors that an 5-3 considers before issuing 
his fire order, A call for fire for an area mission has been received, If 
you were the 5-3 of a direct support artillery battalion how would you rate 
the relative importance of each factor for being included in the decision 
making process to obtain your fire order? You might consider a factor to be 
"extremely important", "slightly important" or to fall some place between 
these two extreme positions. The relative importance can be indicated by 
placing an "x" in the block that you think will reflect the importance that 


you attach to each factor, 
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-| Ammunition (charge) 
Fuze action 


Current instructions from commander and higher headquarters 
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Fosition of units available to fire 
Proximity of friendly troops to the target 
Ammunition (amount on hard) 

Ammunition (supply available) 

Ammunition (lot) 






Validity of current corrections 

Survey control 

Number of rounds 

Range spread 

Lateral spread 

Weather 

Terrain 

Type of target 

Size of target 

Density of terget 

Mobility of target 

Offensive capability of target 

Cover at target 

Proximity of no fire areas 

Proficiency of units available to eee 
Technique of attack (low angle, high angle) 
Confornity to scheme of maneuver of supported units 
Time of opening fire 
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The situation and the list of factors are the same as those of the preceed- 


ing page (area mission), The time available for the S-3 to make his decision 





is a major limitetion, Considering this time limitation, how do you rate each 
factors demand for using this valuable time? You might consider a factor to 

be “extremely demanding", “slightly demanding" or to fall some place between 
these two extreme positions. The demand for time can be indicated by placing an 


"x 3n the block that you think will reflect this demand, 


nding 


Position of units available to fire 
Proximity of friendly troops to the target 
Amaunition (emount on hand) 

ammunition (supply available) 

Ammunition (lot) 

«amunition (charge) 

Fuze action 

Current instructions from commander and higher headquerters 
Projectile tyve 

Validity of current corrections 

Survey control 

Number of rounds 

Range spread 

Lateral spread 

Weather 

Terrain 

Type of target 

DiZ6 Of vareer 

Density of target 

Mobility of target 

Offensive capability of target 

Cover at target 

Prosi sO io miminG sareas 

Proficiency of units available to fire 
Technique of attack (low: angle, high angle) 
Confornity to scheme of maneuver of supported bbawlge ss 
Time of opening fire 
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The situation now changes in that a call for fire for a precision mission 
(registration or destruction) has been received. How would you rate the rela- 
tive importance of each factor for being included in the decision making 
process to obtain your fire order? You might consider a factor to be "extremely 
important", "slightly important" or to fall some place between these two ex-= 
treme positions. The relative importance can be indicated by placing an "x" 
in the block that you think will reflect the imrortance that you attach to 


eacieractor, 





Annunition (charge) 

Fuze action 

Current instructions from commander and higher headquarters 
Projeccale. vy pe 

Validity of current corrections 

Survey control 

weather 

Terrain 

Type of target or registration point 

Size of target or registration point 

Permanence of target or registration point 
Offensive capability of target 

Cover at target or registration point 

Proximity Of ro fire areas 

Proficiency of units available to fire 

Technique of attack (low angle, high angle) 
Conformity to scheme of maneuver of supported units 
Time of opening fire 
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The situation is still for a precision mission. The time available for 
the S~3 to make his decision is a major limitation. Considering this time 
Limitation, how do you rate each factors demand for using this valuable timef 
You might consider a factor to be "extremely demanding", “slightly demanding" 
or to fall some place between these two extreme positions. The demand for 


time can be indicated by placing an "x" in the block that you think will reflect 


this demand, 
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Position of units available to fire 
Proximity of friendly troops to the target 
ammunition (amcunt on hand ) 

ammunition (supply available) 

Ammunition (lot) 

Ammunition (charge) 

Fuze action 

Current instructions from commarder and higher headquarters 
Projectile type 

Validity of current corrections 

Survey control 

Weather 

Terrain 

Type of target or registration point 

Size of target or registration point 
Permanence of target or registration point 
Offensive capability of target 

Cover at target or registration point 
Prowiet @eeeeonlrre areas 

Proficiency of units available to fire 
Technique of attack (low angle, high angle) 
Conformity to scheme of maneuver of supported as 
Time of opening fire 
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Finally, the situation is still a precision mission. in this case, 
select the 10 most important factors, Then rank these factors from 1 to 10, 


Assign the rank of 1 to the most important Pacwole, 


___ Position of units available to fire 

___ Proximity of friendly troops to the target 
___ Ammunition (amount on hand) 

___ Ammunition (supply available) 

___ Ammunition (lot) 

___Ammunition (charge) 

___ Fuze action 

___Current instructions from commander and higher headquarters 
__Projectile type 

___Validity of current corrections 

___ Survey control 

___Weather 

mee lerrain 

___Type of target or registration point 
__Size of target or registration point 

___ Permanence of target or registration point 
___Offensive capability of target 

___Cover at target or registration point 
___Proximity of no fire areas 

___ Proficiency of units available to fire 
___Technique cf attack (low angle, high angle) 
___Conformity of scheme of maneuver of supported units 


Time of opening fire 
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